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© Semiconductor device protection circuit. 



© PET protection circuit (10; 100) senses the tem- 
perature of a PET (11) and, via a control circuit (24), 
Increases PET conduction in response to sensed 
PET temperature exceeding a high temperature 
threshold (160°C) close to the maximum rated junc- 
tion temperature (175°C) of the PET, This allows the 
PET to survive excessive drain-to-source voltages 
which occur during load dump conditions even when 
load dump is sensed by a zener diode (26) which 
initially turns on the PET. During load dump after a 
zener diode (26) turns on the PET, in response to 
sensing excessive PET temperature the PET is 



turned on harder so as to reduce the drain-to-source 
voltage (Vps) and minimize power dissipation during 
load dump thereby protecting the PET. Normal over- 
current and maximum temperature turn off circuitry 
(44, 33, 60-63) is effectively overridden by high 
temperature threshold turn-on circuitry (50). Prefer- 
ably, a majority of the control circuit (24) is provided 
on an integrated circuit, but an external resistor (31 ) 
allows effective adjustment of two temperature 
thresholds (150**C. 160**C) above which control sig- 
nals provided to the PET will be modified. 
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Background of the Invention 
Field of the Invention 

The present invention relates to the general 
field of semiconductor device protection circuits 
wherein such circuits protect a semiconductor de- 
vice by minimizing either applied voltage, through 
current and/or power dissipation so as to enable 
the device to survive. More particularly, the present 
invention is directed to protecting semiconductor 
devices, such as field effect transistors (FETs), so 
that they can survive excessive voltages, currents 
and/or power dissipation which may be produced 
during load dump conditions. 

Description of the Prior Art 

FETs which drive high current loads have been 
provided with protection circuits which turn the FET 
off if conditions such as overcurrent. excessive 
FET power dissipation or excessive FET tempera- 
ture are detected. U.S. patent 4,896,245 to Qualich 
and U.S. patent 4,937,697 to Edwards et al. are 
examples of such prior protection circuits. How- 
ever, such protection circuits typically do not pro- 
vide sufficient protection for the FET during load 
dump conditions during which substantial exces- 
sive voltages can be applied between the drain and 
source terminals potentially causing undesired ava- 
lanche breakdown of some internal junctions of the 
FET semiconductor device. This can occur regard- 
less of the operation of the above noted turn-off 
circuits. 

Some prior circuits use a zener diode con- 
nected between B+ and ground to limit the load 
dump overvoltage applied to a high current rated 
FET. However, this solution requires the use of 
high current rated components for the limiting cir- 
cuitry, and therefore is undesirable. 

Some FET protection circuits have utilized a 
zener diode connected between the drain and gate 
electrodes to protect the FET by turning the device 
on in response to a load dump voltage in excess of 
the zener diode breakdown voltage. However, such 
circuits may not provide sufficient protection since 
they can result in excessive FET power dissipation 
during repetitive switching of the FET on and off 
during the load dump transient. Pending U.S. pat- 
ent application SN 07/484,313, filed February 26. 
1990 to Edwards (European patent application 
91102174.9 filed February 15, 1991) proposes one 
solution to this problem by utilizing a capacitor as a 
supplementary supply of operative power to main- 
tain the FET on during a load dump condition. 
However, such circuitry may require the use of a 
costly energy storage element, such as a large 
capacitor, which can't be provided on an integrated 



circuit, and many times this is undesirable. In addi- 
tion, it maybe difficult to determine the end of the 
load dump transient condition such that the FET 
device only remains on during the existence of 

6 such a condition. Also, if a zener diode is directly 
connected between a FEPs gate and drain elec- 
trodes and is used to turn on and maintain the FET 
on In response to load dump, the FET can be 
subject to failure due to excessive power dissipa- 

10 tion during load dump. This is because a substan- 
tial drain to source voltage (Vds) will exist during 
load dump due to the zener diode while a substan- 
tial current is passed through the FET device. 

In some prior systems sensed temperature is 

15 used to determine a temperature threshold above 
which a control circuit will control an output stage, 
but typically such circuits and any adjustment of 
the temperature threshold are not Implemented in a 
cost effective manner. 

20 

Objects of the Invention 

An object of the present invention is to provide 
an improved semiconductor device protection clr- 
25 cuit which overcomes some of the above noted 
problems of the previous protection circuits. 

In one aspect, the invention provides A semi- 
conductor device protection circuit comprising: 
semiconductor device for receiving at least one 
30 device control signal at a control electrode (G) and, 
in response thereto, selectively passing current 
through the device between a pair of output elec- 
trodes (D, S) of the device; 

temperature sense means coupled to said de- 
35 vice for developing a temperature sense signal 
having a magnitude Indicative of the temperature of 
said device; and 

control means coupled to said temperature 
sense means for receiving said temperature sense 
40 signal and selectively modifying said device control 
signal in response to said sensed device tempera- 
ture exceeding a temperature threshold; 

wherein the protection circuit is characterized 
by a majority of said control means being provided 
45 on a control integrated circuit and means, external 
to said integrated circuit, for allowing external ad- 
justment of the device temperature at which said 
control means will modify said device control sig- 
nal. 

50 In a further aspect, the invention provides a 

semiconductor device protection circuit comprising: 
semiconductor device for receiving at least one 
device control signal at a control electrode (G) and, 
in response thereto, selectively passing current 
55 through the device between a pair of output elec- 
trodes (D, S) of the device; 

temperature sense means coupled to said de- 
vice for developing a temperature sense signal 
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having a magnitude indicative of the temperature of 
said device; and 

control means coupled to said temperature 
sense means for receiving said temperature sense 
signal and an external control signal and selectively 
determining said device control signal in accor- 
dance therewith; 

wherein the protection circuit is characterized 
by said control means Including means for protect- 
ing said device by increasing on conduction of said 
device in response to said temperature sense sig- 
nal indicating the temperature of the device ex- 
ceeds a first high temperature threshold (160°) 
close to the maximum rated junction temperature 
of said device. 

The present invention provides an improved 
semiconductor device protection circuit in which In 
one embodiment semiconductor device tempera- 
ture above a temperature threshold is used to 
modify a control signal applied to the semiconduc- 
tor device and wherein a majority of the the protec- 
tion circuit is provided on an integrated circuit, 
while an external component Is provided which 
allows external adjustment of the temperature 
above which the semiconductor device control sig- 
nal will be modified. The improved semiconductor 
device protection circuit enables the semiconductor 
device to withstand load dump transient signals. 

Brief Description of the Drawings 

The present invention can be better understood 
by reference to the drawings in which: 

Figure 1 is a schematic diagram of a semicon- 
ductor device protection circuit constructed In 
accordance with the present invention; 
Figures 2A-2E are a series of graphs which 
illustrate waveforms for various electrical signals 
produced by the circuit in Figure 1 ; and 
Figure 3 is a schematic diagram of an alter- 
native embodiment for a semiconductor device 
protection circuit similar to that shown in Figure 
1. 

Description of the Preferred Embodiments 

Referring to Figure 1. a semiconductor device 
protection circuit 10 is illustrated which includes a 
semiconductor device 1 1 . that forms a driver stage 
for controlling the current supplied to a low resis- 
tance, high current rated load 12 . The device 11 
preferably comprises a FET and the load 12 prefer- 
ably comprises the windings of a motor. The FET 
11, along with a polysilicon temperature sensing 
diode 13 are provided inside an integrated circuit 
module 14 (shown dashed in Figure 1). The diode 
1 3 is positioned adjacent the FET 1 1 such that the 
diode 13 will sense the temperature of the FET and 



produce a voltage thereacross substantially cor- 
responding to the temperature of the FET due to 
close thermal coupling between the diode and the 
FET. 

6 A drain electrode D of the FET 1 1 is connected 

to an external terminal 15 of the module 14 that is 
directly connected to a power supply terminal 16 at 
which a positive battery supplied power supply 
voltage V+ Is provided. A gate electrode G of the 

10 FET is connected to an external input terminal 17 
of the module 14 and a source electrode S of the 
FET is connected to an external terminal 18 of the 
module 14. Anode and cathode electrodes of the 
temperature sensing diode 13 are connected to 

15 external terminals 19 and 20 of the module 14. 
respectively. The terminal 18 Is directly connected 
as a current input to the motor winding load 12 
which has a terminal 21 connected through a direct 
wire connection 22 to a terminal 23 at which 

20 ground potential is provided. 

Essentially, the FET 11 comprises a semicon- 
ductor device which receives at least one device 
control signal at Its gate control electrode, cor- 
responding to the terminal 17 and, in response 

25 thereto, selectively passes current through the FET 

1 1 between a pair of output electrodes of the FET 
corresponding to the drain and source electrodes 
which correspond to the terminals 15 and 18, re- 
spectively. This current is provided to the motor 

30 load 12. The temperature sensing diode 13 com- 
prises a temperature sense means which is ther- 
mally coupled to the FET 11 for developing a 
temperature sense signal across the diode 13 
which has a magnitude indicative of the tempera^ 

36 ture of the FET. 

The protection circuit 10 includes a control 
circuit 24 (shown dashed) which represents a plu- 
rality of electrical components provided on an in- 
tegrated circuit (IC). The control circuit 24 Is coup- 

40 led to the temperature sensing diode 13 for receiv- 
ing the temperature sense signal developed 
thereacross and selectively determining the device 
control signal provided at the terminal 17 in accor- 
dance with the temperature sense signal and in 

45 accordance with an external control signal received 
at an input terminal 25. Essentially, during normal 
operation the control circuit 24 responds to the 
external control signal at the terminal 25 to selec- 
tively control the on/off conduction of the FET 11 

60 so as to provide current to the motor winding load 

12 in accordance with the signal at the terminal 25. 
However, during certain conditions the control cir- 
cuit 24 will modify the device control signal pro- 
vided at the terminal 17 so as to protect the FET 

55 11 and prevent destruction of this device due to 
certain conditions, including load dump. The term 
"load dump" refers to a transient condition wherein 
an exceptionally higher than normal voltage is pro- 
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vided at the terminal 16 wherein such voltage Is 
large enough to cause excessive power dissipation 
In the FET 11 due to undesired avalanche break- 
down of semiconductor junctions In the FET. This 
undesired breakdown can result in excessive power 
dissipation and permanent destruction of the FET. 
The present Invention contemplates selectively 
turning the FET on during a load dump condition to 
allow the FET to survive the load dump transient 
condition. This is implemented in accordance with 
sensed FET temperature in such a manner that the 
FET is reliably protected during load dump. 

In the protection circuit 10, a zener diode 26 
and a diode 26A are connected between the termi- 
nals 15 and 17 with the cathode of the zener diode 
connected to the terminal 15. The anodes of the 
diodes 26 and 26A are connected together and the 
cathode of diode 26A is connected to terminal 17. 
The zener diode 26 ensures that if the FET 1 1 was 
receiving an off control signal at the terminal 17 
prior to load dump, during load dump the high 
voltage at the terminal 15 would breakdown the 
zener diode 26, forward bias diode 26A and pro- 
vide a sufficient gate voltage to turn the FET on 
during load dump. While other prior circuits have 
utilized similar configurations, this circuitry has not 
always protected the FET sufficiently since the 
configuration can readily result in substantial cur- 
rent through the FET 11 while the drain-to-gate 
voltage Is maintained at the zener diode breakdown 
voltage plus one diode drop and the drain-to- 
source voltage Is then typically maintained at about 
2 volts more than the drain-to-gate voltage. The 
end result is substantial current through the FET 1 1 
with a substantial voltage between the drain and 
source electrodes. This results in substantial power 
dissipation which can destroy the FET 11 if the 
load dump transient condition lasts for an extended 
period of time. Load dump conditions can last for 
relatively long periods of time and therefore this 
prior protection circuit, comprising the diode 26, 
has proved unsatisfactory. 

Typically an unloaded load dump voltage of 
over 80 volts can occur when the voltage V + 
corresponds to the alternator output terminal of a 
vehicle battery charging system In an automobile. 
With the zener diode 26 having a typical value of 
28 volts, this will result in a drain-to-source voltage 
of 30 volts during load dump. Since the motor load 
12 typically has a very low Impedance of the order 
of less than one ohm, a substantial current can flow 
through the FET during load dump resulting in 
damage to the FET for a long load dump transient. 
This can occur even If the zener diode 26 turns the 
FET on and keeps it on during load dump. Also, 
when the FET is turned on, the voltage at the 
terminal 15 may now drop abruptly and this may 
result in stopping the breakdown of sener diode 26. 



The end result can be periodic switching of the 
FET on and off during load dump. During these 
switching transients large average drain-to-source 
voltages and large average currents can exist 

6 which result in excessive power dissipation of the 
FET that can readily result in damage to the FET. 
The present invention prevents this type of exces- 
sive power dissipation of the FET during load 
dump. This Is accomplished in the following man- 

10 ner. 

Power to the control circuit 24, which cor- 
responds to an IC, is received at an external input 
terminal 27 which is directly connected to the pow- 
er supply terminal 16. A control output provided by 

75 the control circuit 24 is provided at an external 
terminal 28 which is directly connected to the ter- 
minal 17. The terminals 19 and 20 of the tempera- 
ture sensing diode 13 are connected to external 
terminals 29 and 30 of the control circuit 24. An 

20 adjustable or selectable resistor 31 is provided 
external to the control circuit 24 and between the 
terminals 20 and 30 and a direct electrical connec- 
tion is provided between the terminals 19 and 29. 
Ground potential is provided to the control circuit 

25 24 by an external terminal 32 which is directly 
connected to the ground terminal 23. The internal 
structure of the control circuit 24 will now be de- 
scribed. 

The external Input terminal 25 is connected as 

30 an Input to an AND gate 33 that provides an output 
at a terminal 34 which serves as an input to an OR 
gate 35. The OR gate 35 provides an output at a 
terminal 36 that is connected as an Input to a 
charge pump circuit 37 whose output is directly 

35 connected to and provided at the terminal 28. For a 
positive (high) logic signal at terminal 36, charge 
pump 37 will provide a high voltage at terminal 28 
to fully turn on the FET 11. Diode 26A prevents 
this high voltage at terminal 28 from being shorted 

40 to the V* voltage at terminal 16. 

Semiconductor device overtemperature turn-off 
circuitry is provided within the control circuit 24 
and comprises the following components. At a ter- 
minal 38 a stable reference voltage Vref is pro- 

45 vided. The terminal 38 is coupled through an in- 
tegrated circuit resistor 39 to a terminal 40 at which 
a reference potential Vi is provided. A resistor 41 
is provided between the terminal 40 and a terminal 
42 at which a reference voltage V2 is provided and 

50 a resistor 43 is connected between the terminal 42 
and ground potential. The components 38-43 form 
a resistor divider which provides reference voltages 
Vi and V2 with a predetermined difference relation- 
ship therebetween. The terminal 40 is directly con- 
55 nected to the positive input of a comparator 44 
whose output is coupled through an inverter 45 as 
an Input to the AND gate 33. A resistor 46 is 
provided between the positive input of the com- 
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parator 44 and its output to provided a degree of 
hystersis with regard to the switching threshold of 
this comparator. A negative input ternninal of the 
comparator 44 is directly connected to the terminal 
29 and a constant current source 47 is connected 
between the terminals 27 and 29 and provided 
within the integrated circuit 24. The terminal 30 is 
directly connected to the terminal 32. This configu- 
ration, as described above, comprises a portion of 
the control circuit 24 wherein an adjustable tem- 
perature variable signal at terminal 29 is provided 
related to the temperature of the FET 11 and this 
signal is utilized to implement the turning off of the 
FET 11 for sensed FET temperatures above 150*^0. 
This occurs in the following manner. 

If a high or positive logic signal is provided at 
the input terminal 25, this indicates that It is de- 
sired to turn on the FET 1 1 . This signal is received 
by the AND gate 33 and will be passed through to 
the charge pump 37 if the temperature of the FET 
is below 150°C. The constant current source 47 
provides a known predetermined current through 
the temperature sensing diode 13 and the 
adjustable/selectable resistor 31 to ground. With 
this configuration, the voltage at the terminal 19 
varies in accordance with the temperature of the 
FET 11, and this voltage can be adjusted by the 
selection of the magnitude of the resistor 31 . This 
occurs because it is known that the voltage across 
a polysiticon diode, such as the diode 13, varies in 
a known predetermined manner in accordance with 
the temperature of such a diode, and the diode 
temperature will correspond to the FET tempera- 
ture. 

In the present case, due to the close thermal 
coupling of the diode 13 and the FET 11, the diode 
13 provides a temperature sense voltage at the 
terminal 19 related to the temperature of the FET 
11. The resistor 31 permits external, with respect to 
the control circuit 24, adjustment of the absolute 
magnitude of this voltage. It should be noted that 
the voltage across the temperature sensing diode 
13 will, as is known, vary Inversely with respect to 
the temperature of the diode such that the voltage 
across the diode 13 will have a negative TC. The 
magnitude of the resistor 31 is selectively adjusted 
such that at a FET temperature of 150°C, the 
voltage at the terminal 29 will equal the voltage Vi . 
Thus for temperatures above 150°C the comparator 
44 will provide a positive output which, via the 
Inverter 45, prevents the AND gate 33 from passing 
the external control signal at the terminal 25 to the 
OR gate 35. As the temperature of the FET 11 
goes up, the voltage at the terminal 29 will de- 
crease. When the FET reaches or exceeds a tem- 
perature of 150°C, the comparator 44 will prevent 
the signal at the terminal 25 from providing a 
positive logic input to the charge pump 37 and 



therefore prevent this signal from turning on the 
FET. This configuration generally corresponds to 
the prior overtemperature turn-off circuitry used in 
previous circuits, except that the providing of the 

5 resistor 31 external to the control circuit IC allows 
an external adjustment of the switching threshold to 
provide greater accuracy for the turn-off protection 
feature of the present invention. The resistor 46 is 
used to provide some hystersis such that rapid 

10 oscillating switching of the comparator 44 between 
its high and low output states will not occur for very 
minor changes in temperature of the FET 11 and 
temperature sensing diode 1 3. 

While overtemperature turn-off circuitry similar 

75 to that described above has been provided in pre- 
vious circuits, a major feature of the present inven- 
tion is to effectively turn-on the FET 11, at least 
during load dump, if excessive power dissipation, 
as indicated by temperature, of the FET 11 is 

20 sensed despite the operation of the overtempera- 
ture shut-off circuitry. This occurs in the following 
manner. 

The control circuit 24 includes a maximum 
temperature comparator 50 having a positive input 

25 thereof directly connected to the terminal 42 and a 
negative input thereof connected through a resistor 
51 to the terminal 29. The output of the comparator 
50 is provided as an additional input to the OR 
gate 35. This configuration ensures that the charge 

30 pump 37 will receive an on control signal input if 
the temperature of the FET 11 exceeds a maxi- 
mum threshold temperature of 160°Cdespite the 
operation of the 150*^0 temperature shut-off cir- 
cuitry that includes the comparator 44 and AND 

35 gate 33. This is believed to be contrary to ail prior 
circuits wherein this maximum temperature thresh- 
old of 160**C is above the turn off temperature of 
150**C and is close to the maximum rated junction 
temperature of 175**C for the FET 11. The term 

40 "close to the maximum rated junction tempera- 
ture", Is used to indicate a device temperature of at 
least more than 30°C below the maximum rated 
junction temperature of the FET 11. The signifi- 
cance of this is that if the power dissipation, and 

45 therefore the temperature, of the FET 11 is ex- 
ceeded despite the operation of the overtempera- 
ture shut-off circuitry comprising the comparator 44 
and AND gate 33, then the comparator 50 will 
cause the charge pump 37 to turn-on the FET so 

60 as to increase conduction therethrough and thereby 
attempt to minimize power dissipation of the FET 
1 1 . This will occur anytime the temperature of the 
FET 1 1 exceeds the maximum temperature thresh- 
old of 160**C. This is best understood by referring 

55 to the circuitry in Figure 1 In conjunction with the 
graphs shown in Figures 2A-2E which demonstrate 
operation of the present invention during load 
dump. 
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Referring to Figure 2A, a graph of the unloaded 
voltage V+ at the terminal 16 is illustrated. Prior to 
a time to, the magnitude of the voltage V+ is 
maintained at positive 12 volts since this voltage 
corresponds to the regulated battery voltage of an 
alternator charging system in a vehicle. At the time 
to. load dump occurs. In an alternator charging 
system, this can occur due to the sudden removal 
of a resistive load from the alternator charging 
system. In such a case, there is an extremely rapid 
increase In the voltage V+ to some maximum 
value, such as 80 volts. This increase can exist for 
a substantial period of time. If protection circuitry 
were not provided this Increase can result in junc- 
tion breakdown of the FET and/or excessive power 
dissipation resulting in the permanent destruction 
of the FET 11. Figure 2A Illustrates the unloaded 
load dump voltage which would exist at terminal 16 
If the FET 11 never conducted current and the 
zener diode 26 did not breakdown. However, when 
the voltage V+ increases to beyond the breakdown 
voltage of the zener diode 26, this diode will break- 
down and provide a biasing voltage at the gate of 
the FET 1 1 . Subsequently, the FET 1 1 will turn-on 
and typically a 2 volt on bias will exist between the 
gate and source electrodes of the FET 1 1 resulting 
In a 30 volt drarn-to-source voltage across the FET 
11. With the FET 11 turned on. current will then 
flow through the motor load 12 wherein the load 12 
is assumed to be less susceptible to load dump 
overcurrent and overvoltages such that it can more 
readily survive excessive voltage and current tran- 
sients. It is assumed that only a negligible voltage 
drop will exist across the motor load 12 due to its 
low resistance. 

While the zener diode 26 will prevent undesir- 
ed avalanche breakdown of the FET 11 which 
could destroy this device, it still provides a sub- 
stantial 30 volt drain-to-source voltage across the 
FET after time to. This is illustrated in Figure 2B 
which represents the drain-to-source voltage (Vds) 
of the FET as a function of time. This substantial 
drain-to-source voltage, coupled with the substan- 
tial through current that will flow through the FET, 
results in substantial power dissipation for the FET. 
This in turn results in the FET junction temperature 
rapidly increasing during load dump. This tempera- 
ture increase is shown in Figure 2C wherein prior 
to time to the temperature of the FET (Tfet) Is 
Tamb. and this rapidly increases until at a subse- 
quent time ti a temperature of 160°C Is achieved 
which is close to the maximum rated junction tem- 
perature of the FET. 

If the external control signal at the terminal 25 
were such that the FET 11 was suppose to be on, 
as the FET temperature exceeded 150°C. the over- 
temperature shut-off circuitry, comprising the com- 
parator 44 and AND gate 33, would result in the 



charge pump 37 being effectively turned off at 
150°C. However, the signal waveforms in Figures 
2A-2E illustrate the case where the control signal at 
the terminal 25 does not try to maintain the FET on 
5 prior to or during load dump. In such a case, as the 
temperature of the FET exceeds 160°C, the com- 
parator 50 will now turn on the charge pump 37. 
This results in essentially turning on the FET 11 
harder, since the FET was already turned on by the 
10 zener diode 26. Turning the FET 11 on "harder- 
increases its conduction since the charge pump 
output will effectively fully enhance (turn on) the 
FET by providing a substantial bias potential at the 
gate electrode of the FET. This increases FET 
75 conduction without maintaining the drain-to-gate 
potential at the breakdown voltage of the zener 
diode 26. With the FET fully enhanced, the drain- 
to-source voltage of the FET will now drop to no 
more than 10 volts. This will result In lower power 
20 dissipation for the FET since now a lower drain-to- 
source voltage is provided. This occurs subsequent 
to the time ti when the temperature of the FET 
reaches its 160°C threshold value. 

After the time ti, several different types of 
25 operation can occur and some of these are gen- 
erally depicted in the waveforms shown in Figures 
2B-2E. Figures 2B and 2C show operation of the 
circuit 10 for a load 12 which is primarily a large 
inductance, while Figures 2D and 2E are repre- 
30 sentatlve of circuit operation for a purely resistive 
load 12. For an inductive load, currents through the 
load 12 and the FET 11 tend to remain the same 
despite any tendency of the FET 11 to start to turn 
off during load dump. Thus changes in Vds and 
35 TpET are minimized and occur at a slower rate. 
During the enhanced mode of conduction after ti , 
FET power dissipation is less and there is no 
further Increase in the FET temperature. If the FET 
starts to cool below 160°C, the FET starts to come 
40 out of its fully enhanced mode due to the charge 
pump 37 starting to turn off. This again increases 
power dissipation and FET temperature such that a 
160°C FET temperature Is substantially maintained 
during load dump till a time t*. At the time the 
45 V+ voltage at the terminal 16 has fallen to such a 
low voltage during load dump that starting to bring 
the FET 1 1 out of its fully enhanced conduction will 
no longer result in increasing FET temperature. 
The FET temperature will then go below the 160°C 
50 threshold of comparator 50 and the comparator will 
now no longer result in the charge pump 37 fully 
enhancing the FET. The FET 1 1 will then turn-off, 
assuming no turn-on input at the terminal 25, and 
the FET temperature will continue to cool off to 
55 ambient temperature. However, during the time 
from ti to t4, the protection circuit 10 has pre- 
vented excessive power dissipation In the FET by 
turning on the FET harder during a load dump 
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condition and therefore minimizing the power dis- 
sipation of the FET. It should be noted that just 
keeping the FET off during the entire load dump 
condition would not protect the FET since then the 
excessive voltage at the terminal 16 would cause 
breakdown of the internal junction diodes of the 
FET resulting in destruction of this device. 

For Figures 2B and 2C, current through the 
FET 11 tends to remain the same due to the 
inductive load 12. Thus as Vds tends to increase 
when FET 11 starts to turn off during load dump, 
power dissipation increases due the FET 1 1 current 
not decreasing instantly. For a purely resistive load, 
FET current decreases as Vqs starts to increase 
during load dump. Thus the graphs in Figures 2D 
and 2E exhibit substantially more ripple for Vds and 
Tfet. but operation is still essentially the same. In 
Figure 2D Vds varies between 15 and 10 volts 
during load dump. 

It should be noted that In certain situations, 
when the FET 11 is fully enhanced the voltage at 
the terminal V + during load dump may fall to such 
a degree that the control circuit 24 will not receive 
sufficient potential at its terminal 27 for the charge 
pump 37 to keep the FET 11 on. However, as the 
FET 11 then starts to turn off, the voltage at the 
terminal V+ will then increase just enough to again 
render the control circuit 24 operative so that the 
charge pump 37 can turn the FET 11 back on. 
Thus during the time t1 through t4 there may be a 
ripple voltage for Vds with the minimum voltage 
being the fully enhanced Vds on voltage of the FET 
and the maximum voltage being at least the mini- 
mum voltage at terminal 16 at which the control 
circuit 24 will properly operate at. 

In Figure 1 , components 60 to 63 are illustrated 
as being connected in dashed form to other cir- 
cuitry in Figure 1. If connected these components 
implement an overcurrent turn-off function in addi- 
tion to the over temperature turn-off function imple- 
mented if FET temperature exceeds 150**C. In such 
a configuration, the direct connection 22 is re- 
placed by a current sensing resistor 60 and the 
terminal 21 is connected to the positive input of a 
comparator 61 that receives a maximum current 
reference voltage Lax its negative input terminal. 
A hystersis resistor 62 is connected between the 
positive input and output of the comparator 61, and 
the output is coupled through an inverter stage 63 
as an additional input to the AND gate 33. 

It is apparent that the configuration of the com- 
ponents 60 to 63 will interrupt the external control 
signal at the terminal 25 in case excessive current 
is sensed. However, the turn-off function of maxi- 
mum current implemented by the components 60 
through 63 is effectively overridden by the turn-on 
function for temperatures above 160°C implement- 
ed primarily by the comparator 50. This is similar 



to the way the comparator 50 effectively overrides 
the temperature turn off function of the comparator 
44. 

If desired the configuration of the circuit 10 

5 could be altered such that the current turn-off func- 
tion of comparator 61 would override the tempera- 
. ture turn-on function implemented by the compara- 
tor 50. This would just involve coupling the output 
of the comparator 50 to the OR gate 35 through an 

70 additional AND gate which would receive another 
input from the output of inverter 63. If the current 
maximum Lax is actually such a large current that 
any current above this maximum would destroy 
circuit paths or wire bonds relating to the FET 1 1 , 

75 then this latter configuration would be desired. 
However, typically the maximum current Lax is just 
another measure of excessive power dissipation, 
similar to the 150°C power dissipation level, and 
therefore the output of the inverter 63 should be 

20 connected as an additional input to the AND gate 
33. 

While the circuit of Figure 1 comprises the 
preferred embodiment for the present invention, an 
alternative circuit 100 is illustrated in Figure 3 in 

25 which all of the elements 1 1 through 47 in Figure 1 
are reproduced and are identical in function and 
configuration. However, in Figure 3 instead of the 
comparator 50 a different configuration for the 
overtemperature turn-on circuitry of the present 

30 invention is implemented. In Figure 3, the overtem- 
perature threshold voltage V2 at the terminal 42 is 
provided as an input to the positive input of a 
comparator 150 which has its negative input con- 
nected through a resistor 151 to the terminal 29. 

35 The output of the comparator 1 50 is provided at a 
terminal 152 which is provided as an input to an 
AND gate 153 and coupled through an inverter 154 
to a reset terminal R of a set/reset flip-flop 155. 
The output of the AND gate 153 is provided at a 

40 terminal 156 which is connected to a set terminal S 
of the flip-flop 155, and an output Q of the flip-flop 
is directly connected as an input to the OR gate 
35. A 28 volt zener diode 157 is connected be- 
tween the V+ terminal 27 and a terminal 158 

45 connected as an input to the AND gate 153. A 
resistor 159 is connected between the terminal 158 
and ground potential. 

Essentially, the components 150 through 159 in 
Figure 3 implement an overtemperature turn-on 

50 function for the circuit 100. While the temperature 
is below 160^0, the comparator 150 will produce a 
low logic state at the terminal 152 resulting in 
maintaining the flip-flop 155 at its reset state during 
which the flip-flop output Q is maintained at a low 

55 logic state. During a condition of load dump, the 
zener diode 157, as is the case with the zener 
diode 26, will breakdown due to the large voltage 
at the terminal V + . This results In a high logic 
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input at the terminal 158. When during such a load 
dump condition, the temperature of the FET 11 
exceeds 160°C (corresponding to the threshold 
voltage V2), the comparator 150 will produce a high 
logic state at the terminal 152 resulting In the 
setting of the flip-flop output Q high. This results in 
activating the charge pump 37 so as to ensure that 
the FET 1 1 is turned on in a fully enhanced mode 
of conduction. The output of the flip-flop 155 will 
remain high, regardless of the continued break- 
down of the zener diode 157, until the temperature 
of the FET 1 1 falls below the switching level of the 
comparator 150. 

The particular circuit configuration shown in 
Figure 3 for the overtemperature turn-on feature 
may be used in certain circumstances, but the 
circuit in Figure 1 is preferred. For the Figure 3 
circuit 100, if the V* voltage falls below the voltage 
necessary for the control circuit 24 to function, now 
V must again exceed the breakdown of the diode 
157 before the FET 11 can be fully enhanced. 
Thus a larger Vqs ripple will be provided and this 
could result in excessive FET power dissipation 
resulting in destruction of the FET. 

For both of the circuits 10 and 100, the follow- 
ing advantageous feature is provided. Adjustment 
of the external resistor 31 adjusts the magnitude of 
the temperature variable signal at the terminal 29. 
This not only allows the adjustment of the maxi- 
mum turn-off FET temperature corresponding to 
the 150°C threshold for the FET 11, but also allows 
the simultaneous adjustment of the maximum turn- 
on temperature threshold utilized by the compara- 
tors 50 and 150. If desired, each of these thresh- 
olds could be separately adjusted by suitable 
modification of the control circuit 24 and/or provid- 
ing an additional output terminal and additional 
adjustable resistors external to the control circuit 
24. However, use of the single external adjustment 
resistor 31 to adjust the single FET temperature 
sense signal at terminal 29 used by both of the 
turn on and turn off temperature comparators In- 
sures that adjustment of the resistor 31 will main- 
tain a predetermined relationship between the turn 
on and turn off temperatures. Namely that the turn 
on temperature threshold (160**C) will always ex- 
ceed the turn off threshold (150<^C), despite resistor 
31 adjustment. Use of a single resistor divider for 
providing the voltages Vi and V2 also insures this 
result. 

While we have shown and described specific 
embodiments of this invention, further modifications 
and improvements will occur to those skilled in the 
art. All such modifications which retain the basic 
underlying principles disclosed and claimed herein 
are within the scope of this invention. 

Claims 



1. A semiconductor device protection circuit com- 
prising: 

semiconductor device (11) for receiving at 
6 least one device control signal (at 28) at a 

control electrode (G) and, in response thereto, 
selectively passing current through the device 
between a pair of output electrodes (D, S) of 
the device; 

^0 temperature sense means (13) coupled to 

said device (11) for developing a temperature 
sense signal (at 29. 30) having a magnitude 
indicative of the temperature of said device; 
and 

'5 control means (24, 31) coupled to said 

temperature sense means for receiving said 
temperature sense signal and selectively modi- 
fying said device control signal in response to 
said sensed device temperature exceeding a 

20 temperature threshold; 

wherein the protection circuit is character- 
ized by a majority of said control means (24, 
31) being provided on a control integrated cir- 
cuit (24) and means (31), external to said in- 

25 tegrated circuit (24), for allowing external ad- 

justment of the device temperature at which 
said control means will modify said device 
control signal. 

30 2. A semiconductor device protection circuit ac- 
cording to claim 1 wherein said temperature 
sense means (13) includes a temperature 
sensing diode positioned adjacent said semi- 
conductor device (11) and wherein said exter- 

35 nal adjustment means (31) comprises at least 

one resistor (31) external to said integrated 
circuit. 

3. A semiconductor device protection circuit ac- 
40 cording to claim 2 wherein said external resis- 
tor (31) is connected in series with said tem- 
perature sensing diode (13) and said external 
resistor has a magnitude which determines 
said temperature sense signal magnitude. 

45 

4. A semiconductor device protection circuit ac- 
cording to claim 2 wherein said external resis- 
tor (31) is adjustable. 

50 5. A semiconductor device protection circuit ac- 
cording to claim 1 wherein said control means 
(24, 31) increases on conduction of said device 
(11) in response to the temperature of said 
device exceeding said threshold. 

55 

6. A semiconductor device protection circuit ac- 
cording to claim 1 wherein said control means 
(24. 31) turns said device (11) off in response 
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to the temperature of said device (1 1 } exceed- 
ing said threshold. 

7. A semiconductor device protection circuit ac- 
cording to claim 1 wherein said control means 5 
(24, 31) utilizes said temperature sense signal 
magnitude to increase on conduction of said 
device (11) in response to the temperature of 
said device exceeding a first temperature 
threshold (160°) and to turn said device off in io 
response to the temperature of said device 
exceeding a second temperature threshold 
(150^), lower than said first temperature thresh- 
old, said external adjustment means (31) deter- 
mining said temperature sense signal mag- 76 
nitude. 

8. A semiconductor device protection circuit ac- 
cording to claim 7 wherein said first and sec- 
ond temperature thresholds are both deter- 20 
mined by voltages derived from a resistor di- 
vider circuit (39, 41, 43) on said integrated 
circuit (24) such that said thresholds have a 
known relationship therebetween. 

25 

9. A semiconductor device protection circuit com- 
prising: 

semiconductor device (11) for receiving at 
least one device control signal (at 28) at a 
control electrode (G) and, in response thereto, 30 
selectively passing current through the device 
between a pair of output electrodes (D, S) of 
the device; 

temperature sense means (13) coupled to 
said device (11) for developing a temperature 35 
sense signal having a magnitude indicative of 
the temperature of said device; and 

control means (24, 31) coupled to said 
temperature sense means for receiving said 
temperature sense signal and an external con- 40 
trol signal (at 25) and selectively determining 
said device control signal in accordance there- 
with; 

wherein the protection circuit is character- 
ized by said control means (24, 31) including 45 
means (50, 35; 150-159. 35) for protecting said 
device (11) by increasing on conduction of 
said device (11) in response to said tempera- 
ture sense signal indicating the temperature of 
the device exceeds a first high temperature 50 
threshold (160^) close to the maximum rated 
junction temperature of said device. 



mined high temperature threshold (150**) which 
is lower than said first high temperature thresh- 
old (160°), said control means (24, 31) turning 
said device on if the temperature of said de- 
vice exceeds both of said second and first high 
temperature thresholds. 

11- A semiconductor device protection circuit ac- 
cording to claim 9 which Includes load dump 
means (26, 26A) for initially detecting load 
dump and turning said device (11) on in re- 
sponse thereto, said protecting means (50, 35; 
150-159, 35) being operative to reduce power 
dissipation of said device produced during op- 
eration of said load dump means during load 
dump in response to said sensed device tem- 
perature exceeding said first high temperature 
threshold (160°). 



10. A semiconductor device protection circuit ac- 
cording to claim 9 wherein said control means 55 
(24, 31) includes off means (44, 45) for turning 
said device off in response to the temperature 
of said device exceeding a second predeter- 
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